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© A cylinder interpolation system for machining a 
cylindrical surface of a cylindrical work. Tool diam- 
^- eter correction means (104) calculates an offset vec- 
tor of a tool diameter with respect to a machining 
shape instructed on imaginary orthogonal coordi- 
(V} nates and determines the center passage of a tool. 
IO Interpolation means (107) interpolates this center 
^ passage and outputs an interpolation pulse (PCyi) of 
00 an imaginary linear axis and an interpolation pulse 
^ (Pzi) of a cylinder axis. To inversely convert the 
O imaginary orthogonal coordinates to the cylinder co- 
^ ordinates. the interpolation pulse (PCyi) is converted 

111 



to a pulse (PCi) for rotating the axis of rotation by 
pulse conversion means (108). On the other hand, 
means (105) and means (109) calculate a corrective 
component (Vcy) at the beginning of a block and a 
synchronous corrective component (A Vcy), respec- 
tively. These corrective components (Vcy, A Vcy) are 
interpolated by means (106) and means (110) and 
added to the pulse (PCi) for rotating the axis of 
rotation. In this way, the tool cutting surface is con- 
trolled so that it exists always immediately above the 
center axis of rotation and the machined surface is 
vertical to the cylindrical surface of the work. 
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Technical Field 

This invention relates to a cylindrical interpola- 
tion for machining a cylindrical surface of a cylin- 
drical workpiece by a numerical control device, and 
more particularly, to a cylindrical interpolation sys- 
tem in which a tool cutting surface i$ always lo- 
cated at right angles to the cylindrical surface. 

Background Art 

When carrying out a complicated groove cut- 
ting in a cylindrical workpiece, using an end mill at 
a machining center or the like, the machining op- 
eration is effected by controlling a cylindrical axis 
(Z) and a rotary axis (C), and for such a machining, 
a cylindrical interpolation system is widely used to 
facilitate the preparation of a machining program. 

FIG. 9 illustrates the cylindrical interpolation 
system, wherein a cylindrical surface is developed 
as an assumed plane 2a and an assumed or- 
thogonal coordinate system is established based 
on the Z axis and an assumed linear axis Cy. This 
coordinate system is identical to a usual plane 
coordinate system, and a path of a tool 1 with 
reference to the orthogonal coordinate system is 
derived by a program. Since the shape to be 
machined is programmed with reference to a cylin- 
drical coordinate system, it is converted into the 
assumed orthogonal coordinate system. After the 
interpolation for the Z and Cy axes is effected with 
reference to the orthogonal coordinate system, the 
amount of movement of the Cy axis is converted 
back (from the orthogonal coordinate system to the 
cylindrical coordinate system) into an amount of 
rotation of the axis of rotation (C axis) 6 of a 
workpiece 2, to thereby control the C axis. Such a 
cylindrical interpolation system permits an easy 
preparation of a program for a complicated groove 
cutting. 

Nevertheless, in the prior art cylindrical inter- 
polation system, the tool cutting surface is not 
always at right angles to the cylindrical surface. 
FIG. 10 shows the relationship between a tool and 
a workpiece during groove cutting according to a 
prior art cylindrical interpolation, in which a tool 
axis 1a is controlled so that it is at right angles to 
the cylindrical surface of the workpiece 2, and 
therefore, the tool cutting surface 5 and a line 3 
perpendicular to the cylindrical surface of the work- 
piece 2 form a constant angle therebetween. As a 
result, a hatched portion 4 is cut unnecessarily, and 
thus a desired machining cannot be carried out. 



Disclosure of the Invention 

This invention was created in view of the above 
circumstances, and an object thereof is to provide 
5 a cylindrical interpolation system for correcting a 
tool position in accordance with a tool contact 
vector, which is a vector from the center of a tool 
to a cutting point (point of contact) of the tool, such 
that the tool cutting surface is always at a right 

io angle to the cylindrical surface. 

To achieve the above object, this invention 
provides a cylindrical interpolation system for ma- 
chining a cylindrical surface of a cylindrical work- 
piece, comprising tool diameter correcting means 

75 for obtaining a tool center path by calculating a tool 
diameter offset vector in an assumed plane defined 
by a cylindrical axis and an assumed linear axis 
obtained through a development of the cylindrical 
surface, interpolating means for interpolating the 

20 tool center path and outputting a first interpolation 
pulse related to the assumed linear axis and a 
second interpolation pulse related to the cylindrical 
axis, pulse converting means for converting the first 
interpolation pulse into a third interpolation pulse 

25 related to a rotary axis, correction component cal- 
culating means for calculating a correction compo- 
nent of a tool contact vector in a direction of the 
assumed linear axis from the tool diameter offset 
vector, correction component interpolating means 

30 for interpolating the correction component and out- 
putting a first correction pulse related to the rotary 
axis and a second correction pulse related to an 
axis perpendicular to the cylindrical axis, and an 
adder for adding the third interpolation pulse and 

35 the first correction pulse and providing an output 
pulse for the rotary axis. 

The tool diameter correcting means obtains a 
tool center path by calculating a tool diameter 
offset vector with respect to a machining shape 

40 specified by the assumed orthogonal coordinate 
system, and the interpolating means interpolates 
the tool center path and outputs a first interpolation 
pulse related to the assumed linear axis and a 
second interpolation pulse related to the cylindrical 

45 axis. To carry out a reverse conversion from the 
assumed orthogonal coordinate system to the cy- 
lindrical coordinate system, the pulse converting 
means converts the first interpolation pulse into a 
third pulse for rotating the rotary axis. 

so The correction component calculating means 

obtains a correction component of the tool contact 
vector in the direction of the assumed linear axis, 
and the correction component interpolating means 
shifts the tool position by the correction compo- 

55 nent, and at the same time, rotates the workpiece. 

As a result, the tool cutting surface is con- 
trolled such that it is always located immediately 
above the axis of rotation of the workpiece, and 
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thus the side of the surface being machined is at a 
right angle to the cylindrical surface of the work- 
piece. 

Brief Description of the Drawings 

FIG. 1 is a block diagram illustrating various 
means composing a cylindrical interpolation sys- 
tem according to this invention; 
FIG. 2(a) and FIG. 2(b) are diagrams illustrating 
the concept of correcting a tool position accord- 
ing to the cylindrical interpolation system of this 
invention; 

FIG. 3 and FIG. 4 are diagrams illustrating the 
principle of this invention; 

FIG. 5 is a plan view illustrating the relationship 
between a tool contact vector and a tool position 
correction value in a Y-axis direction; 
FIG. 6 is a diagram illustrating a change of the 
tool contact vector during a circular interpolation; 
FIG. 7 is a diagram illustrating the relationship 
between a tool center path and the tool contact 
vector; 

FIG. 8 is a block diagram of hardware of a 
numerical control device (CNC) for carrying out 
this invention; 

FIG. 9 is a diagram illustrating a cylindrical 

interpolation system; and 

FIG. 10 is a diagram illustrating the relationship 

between a tool and a workpiece during a groove 

cutting by a prior art cylindrical interpolation 

system. 

Best Mode of Carrying Out the Invention 

An embodiment of this invention will be de- 
scribed with reference to the drawings. 

FIG. 2(a) and FIG. 2(b) illustrate the concept of 
tool position correction adopted in a cylindrical 
interpolation system according to this invention, 
wherein FIG. 2(a) shows a development of a ma- 
chining path onto an assumed plane, the machining 
path starting at a point Pa1, passing points Pa2, 
Pa3, Pa4 and Pa5, and ending at a point Pa6. 

FIG. 2(b) illustrates a tool position correction 
effected while the machining is executed along a 
straight section Pa2-Pa3 shown in FIG. 2(a). To 
bring a tool cutting surface 5 of a tool 1 to a 
position coinciding with a line perpendicular to the 
cylindrical surface of a workpiece 2, a tool axis 1a 
must be moved by a distance corresponding to a 
tool radius r such that the tool cutting surface 5 has 
a point P immediately above the axis of rotation of 
the workpiece 2. If, however, the tool 1 alone is 
moved, the relationship between the workpiece and 
the tool varies, and therefore, it is not advisable to 
merely move the tool alone. 



FIG. 3 and FIG. 4 illustrate the principle of this 
invention. In FIG. 3, the point P on the tool cutting 
surface is on a line 7 extending immediately above 
the axis of rotation 8 of the workpiece 2. Accord- 

s ingly, when a point Q is to be contained in the tool 
cutting surface it must be moved onto the line 7, 
but if the tool is merely moved in a Y-axis direc- 
tion, the relationship of the relative positioning be- 
tween the assumed plane 2a developing the cylin- 

10 drical surface of the workpiece 2 and the tool 1 
varies. Therefore, to avoid this, while the tool 1 is 
moved in the Y-axis direction, the workpiece 2 is 
simultaneously rotated by an angle 0 about the axis 
of rotation 6. FIG. 4 shows a state in which the tool 

is 1 has been moved in the Y-axis direction, and at 
the same time, the workpiece 2 has been rotated 
by the angle 0. Namely, a line 8, not the line 7, is 
now located immediately above the axis of rotation 
6 of the workpiece 2. The angle 0 is derived by the 

20 following equation: 

0 = (Vcy/R)"(180/w) (1) 

where Vcy represents the amount of movement of 

25 the tool 1 in the Y-axis direction, and R represents 
the radius of the workpiece 2. 

FIG. 5 is a plan view showing the relationship 
between the tool and a tool contact vector. As 
shown in FIG. 3, the tool contact point is first 

so located at P, and then shifted to the point Q for the 
subsequent machining operation. Namely, first the 
tool contact vector is Va, and is then Vb, based on 
the center 0 of the tool 1, i.e., the tool contact 
vector changes from Va to Vb. Accordingly, it fol- 

35 lows that, if a difference Vcy between the tool 
contact vectors Va and Vb in the direction of the 
assumed linear axis Cy is obtained, and the tool 1 
is moved by Vcy in the Y-axis direction while the 
workpiece 2 is rotated over the corresponding an- 

40 gle 0, the tool contact point Q can be shifted to a 
position immediately above the axis of rotation 6, 
and at the same time, the relationship of relative 
positioning between the assumed plane 2a of the 
workpiece 2 and the tool 1 is maintained. 

4s Generally, the tool contact vector is rotated 

when a tool offset vector is varied. Namely, the tool 
offset vector and the tool contact vector have the 
same magnitude but opposite directions. Accord- 
ingly, in a linear interpolation, the tool offset vector 

so changes in individual blocks, and thus the rotation 
of the tool contact vector may be processed in 
individual blocks. In a circular interpolation, the tool 
offset vector changes in accordance with pulse 
distribution, and therefore, the tool contact vector 

55 varies in accordance therewith. Accordingly, the 
tool 1 must be moved in the Y-axis direction si- 
multaneously with the circular interpolation, while 
the workpiece 2 is rotated. 
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FIG. 6 shows a change of the tool contact 
vector during a circular interpolation. It is assumed 
that the current tool contact point is at a point PCO 
and the tool contact vector is VCO. If the tool 
contact point is to be shifted next to a point PC1 5 
by a circular interpolation (an interpolation by a 
linear approximation), the tool contact vector 
changes from VCO to VC1. and accordingly, the 
tool 1 must be moved in the Y-axis direction by a 
distance corresponding to a Cy-axis component of 10 
the difference between these tool contact vectors, 
and the workpiece 2 must be rotated over an angle 
corresponding to the Cy-axis component. A similar 
process may be effected when the tool contact 
point is shifted in the sequence of PC2, PC3 and 75 
PCn. 

FIG. 7 shows the relationship between the tool 
center path and the tool contact vector. The tool 
center is successively moved from a point Ps to 
points P1 , P2, P3, P4 and P5. The tool center path 20 
is indicated by 1C. At the point P1. the tool contact 
vector is V1, and is changed to V2 as the tool 
center is shifted to the point P2. For the point P3, 
the vector is changed from V2 to V3. To make 
each new tool contact point coincide with the axis 25 
of rotation of the workpiece, the tool 1 is moved in 
the Y-axis direction by a Y-axis component of the 
difference between the previous and the next tool 
contact vectors, and simultaneously, the workpiece 
2 is rotated by an amount corresponding to the 30 
amount of movement in the Y-axis direction. 

For an arcuate section from the point P4 to P5, 
the tool contact vector is varied at each circular 
interpolation in such a manner that the tool 1 is 
moved in the Y-axis direction, and simultaneously. 35 
pulses equivalent to an angle corresponding to the 
Y-axis movement of the workpiece 2 are added to 
C-axis interpolation pulses. 

FIG. 8 shows the hardware of a numerical 
control device (CNC) for carrying out this invention. ao 
In the figure, reference numeral 10 denotes a nu- 
merical control device (CNC). and a processor 1 1 , 
which globally controls the numerical control de- 
vice (CNC) 10, reads out a system program stored 
in a ROM 12 through a bus 21. and controls the 45 
entire operation of the numerical control device 
(CNC) 10 in accordance with the system program. 
A RAM 13 temporarily stores calculation data and 
display data, etc., and comprises an SRAM, for 
example. A CMOS 14 stores tool correction values, so 
pitch error correction values, a machining program, 
parameters and the like, and comprises a non- 
volatile memory backed up by a not shown battery 
so that the data therein is retained even after the 
power supply to the numerical control device 55 
(CNC) 10 is cut off. 



An interface 15 for external devices is con- 
nected to an external device 31, such as a paper 
tape reader, paper tape puncher, paper tape 
reader/puncher, etc. The paper tape reader is used 
to read a machining program, and the paper tape 
puncher is used for outputting a machining pro- 
gram edited in the numerical control device (CNC) 
10. 

A PMC (programmable machine controller) 16, 
which is built into the CNC 10, controls the ma- 
chine in accordance with a sequence program pre- 
pared in a ladder format. Namely, the PMC con- 
verts M, S and T functions, specified by the ma- 
chining program, into signals required on the ma- 
chine side in accordance with the sequence pro- 
gram, and outputs the converted signals to the 
machine side through an I/O unit 17. The output 
signals drive magnets, etc., on the machine side, to 
thereby actuate hydraulic valves, pneumatic valves, 
and electric actuators, etc. Further, the PMC pro- 
cesses signals from limit switches of the machine 
side and from switches on a machine operator 
panel, and supplies the processed signals to the 
processor 1 1 . 

A graphic control circuit 18 converts digital 
data representing current positions of the individual 
axes, alarms, parameters, and image data, etc. into 
image signals and outputs the converted data. The 
image signals are supplied to a display device 26 
of a CRT/MDI unit 25 and displayed thereby. An 
interface 19 transfers data from a keyboard 27 of 
the CRT/MDI unit 25 to the processor 1 1 . 

An interface 20 is connected to a manual pulse 
generator 32 for receiving pulses therefrom. The 
manual pulse generator 32 is incorporated in the 
machine operator panel, and is used to manually 
precisely position a machine operating part. 

Axis control circuits 41 to 44 receive move 
commands for the respective axes from the pro- 
cessor 11 and output commands to servo amplifi- 
ers 51 to 54, respectively, and upon receiving the 
move commands, the servo amplifiers 51 to 54 
drive servomotors 61 to 64 associated with the 
respective axes. A position detection pulse coder is 
built into each of the servomotors 61 to 64, and a 
position signal therefrom is fed back in the form of 
a pulse train. Alternatively, a linear scale may be 
used as the position detector. The pulse train is 
subjected to an F/V (frequency-to-velocity) conver- 
sion to generate a velocity signal. In the figure, a 
feedback line for the position signal and a velocity 
feedback are omitted. 

The servomotors 61 to 64 are associated re- 
spectively with the X, Y, Z and C axes. 

A spindle control circuit 71 receives a spindle 
rotation command and a spindle orientation com- 
mand, etc., and outputs a spindle velocity signal to 
a spindle amplifier 72, and upon receiving the 
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spindle velocity signal, the spindle amplifier 72 
rotates a spindle motor 73 at the specified speed. 
The spindle is positioned at a predetermined posi- 
tion in accordance with the orientation command. 

A position coder 82 is coupled to the spindle 
motor 73 by gears or a belt, and thus the position 
coder 82 is rotated synchronously with the spindle 
motor 73, and a feedback pulse output therefrom is 
supplied to the processor 1 1 through an interface 
81 , and read thereby. This feedback pulse is used 
to move the other axes synchronously with the 
spindle motor 73, for carrying out a machining 
such as thread cutting. 

FIG. 1 is a block diagram illustrating various 
means incorporated in the cylindrical interpolation 
system according to this invention. These means 
are operated by the processor 11 in accordance 
with the system program stored in the ROM 1 2. 

Here it is assumed that a machining program 
101 dictates a Z-axis command and a C-axis com- 
mand, and that the C-axis command is dictated in 
units of angles. A decoding means 102 decodes 
this command and determines that it is a cylin- 
drical interpolation command, and then a coordi- 
nate conversion means 103 converts the C-axis 
rotation command into an assumed linear axis Cy 
on an assumed plane. Namely, the coordinates 
specified in angles of rotation are converted into a 
distance on the cylindrical surface of the workpiece 
2 corresponding to the rotation angle. 

Namely, commands in the machining program 
101 are decoded by the decoding means 102, and 
the C-axis command is converted by the coordi- 
nate conversion means 103 into values with refer- 
ence to the assumed linear axis Cy. Then, based 
on these commands, a tool diameter correcting 
means 104 obtains a tool center path in accor- 
dance with a program path with respect to the Z 
axis and the assumed linear axis Cy, and the tool 
diameter r, i.e., the tool diameter correcting means 
104 outputs a command value representing the 
center path of the tool 1 . 

Namely, the tool diameter correcting means 
104 outputs a move command Z for the tool 1 and 
a command Cy with respect to the assumed linear 
axis, to the interpolating means 107, and further 
supplies a tool radius offset vector to the block- 
start correction component calculating means 105, 
and a tool radius and an offset direction to the 
synchronous correction component calculating 
means 109. 

The interpolating means 107 interpolates the 
commands Z and Cy, and outputs an interpolation 
pulse PCyi related to the assumed linear axis, and 
an interpolation pulse PZi related to the Z axis, to 
the pulse converting means 108. The pulse con- 
verting means 108 converts the interpolation pulse 
PCyi into an interpolation pulse PCi related to the 



rotary axis (C axis), as indicated by the following 
equation (2): 

PCi = <PCyi/Rr(180/7r) (2) 

5 

where R represents the radius of the workpiece 2. 

The block-start correction component calculat- 
ing means 1 05 obtains a correction component Vcy 
of the tool contact vector in the direction of the 

w assumed linear axis, as shown in FIG. 5, from the 
tool diameter offset vector. The tool contact vector 
diffors from the tool diameter offset vector only in 
direction . and thus the correction component can 
be derived by obtaining a tool contact vector from 

75 the tool diameter offset vector and obtaining an 
assumed linear axis component of its vector of 
rotation, as shown in FIG. 5. 

The correction component Vcy is interpolated 
by the block-start correction component interpoiat- 

20 ing means 106, and is output therefrom as a cor- 
rection pulse RYj for the Y axis and a correction 
pulse RCj for the rotary axis. The sum of the 
correction pulses RYj is equivalent to the distance 
between the points P and Q on the cylindrical 

25 surface 2a in the Y-axis direction, as shown in FIG. 
3. The C axis is rotated by $ . as shown in FIG. 3. 
in accordance with the correction pulse RCj. 

When the tool contact vector is rotated be- 
tween successive blocks, e.g., the center of the 

30 tool 1 is at the point P2 in FIG. 7, the block-start 
correction component calculating means 105 cal- 
culates a correction component. The interpolation 
by the block-start correction component interpolat- 
ing means 106 is effected before an interpolation 

35 for the movement of the tool 1 from P2 to P3. 

The synchronous correction component calcu- 
lating means 109 calculates a correction compo- 
nent when the tool contact vector varies at each 
interpolation of the interpolating means 107, e.g., in 

40 a circular interpolation shown in FIG. 6, involute 
interpolation, or the like. Namely, when the tool 
contact vector changes from VC0 to VC1 , as shown 
in FIG. 6, an assumed linear axis component A Vcy 
corresponding to the change of the tool contact 

45 vector is obtained and supplied to the synchronous 
correction component interpolating means 110. The 
synchronous correction component interpolating 
means 110 interpolates the correction component 
A Vcy each time the interpolating means 107 car- 

50 ries out an interpolation, and outputs a correction 
pulse RCi for the C axis and a correction pulse RYi 
for the Y axis. These correction pulses RCi and RYi 
are output from the interpolating means 107 syn- 
chronously with the interpolation pulses PCi and 

55 PZi. 

The correction pulses RYj and RYi for the Y 
axis are added at an adder 111, and the result is 
supplied to the axis control circuit 42 as an output 
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pulse for the Y axis. In this case, the correction 
pulses RYj and RYi are not output at the same 
time. 

The correction pulse RCj, interpolation pulse 
PCi and correction pulse RCi for the C axis are 
added at an adder 112, and the result is supplied 
to the axis control circuit 44. The correction pulse 
RCi and the interpolation pulse PCi are superim- 
posed when output. 

The interpolation pulse PZi for the Z axis is 
supplied to the axis control circuit 43. 

As described above, the C axis is rotated and 
the Y axis is moved in accordance with an as- 
sumed linear axis component corresponding to the 
change of the tool contact vector, whereby the tool 
cutting surface is located immediately above the 
axis of rotation of the workpiece and the side 
surface being machined is brought to a position 
perpendicular to the cylindrical surface of the work- 
piece. 

In the above description, the Z. C and Y axes 
represent a cylindrical axis, a rotary axis, and an 
axis perpendicular to the cylindrical axis, respec- 
tively, but these axes are named only for explana- 
tion purposes, and may be modified depending on 
the arrangement of the machines. 

Further, in the above description, the rotary 
axis command in the machining program is dic- 
tated in terms of angles, but command values 
which have been converted with reference to the 
assumed linear axis by a programming system 
may be alternatively used. In this case, the coordi- 
nate conversion means shown in FIG. 1 is not 
necessary. 

As described above, according to this inven- 
tion, the Y axis is moved by an assumed linear axis 
component corresponding to the change of the tool 
contact vector, and at the same time, the rotary 
axis is rotated by a cylindrical interpolation to carry 
out a tool position correction, whereby the tool 
cutting surface is always located immediately 
above the axis of rotation of the workpiece and the 
side surface being machined is at a right angle to 
the cylindrical surface of the workpiece. 

Claims 

1. A cylindrical interpolation system for machin- 
ing a cylindrical surface of a cylindrical work- 
piece, comprising: 

tool diameter correcting means for obtain- 
ing a tool center path by calculating a tool 
diameter offset vector in an assumed plane 
defined by a cylindrical axis and an assumed 
linear axis obtained through a development of 
the cylindrical surface; 

interpolating means for interpolating the 
tool center path and outputting a first interpola- 



tion pulse related to the assumed linear axis 
and a second interpolation pulse related to the 
cylindrical axis; 

pulse converting means for converting the 

5 first interpolation pulse into a third interpolation 

pulse related to a rotary axis; 

correction component calculating means 
for calculating a correction component of a tool 
contact vector in a direction of the assumed 

70 linear axis from the tool diameter offset vector; 

correction component interpolating means 
for interpolating the correction component and 
outputting a first correction pulse related to the 
rotary axis and a second correction pulse re- 

75 lated to an axis perpendicular to the cylindrical 

axis; and 

an adder for adding the third interpolation 
pulse and the first correction pulse and provid- 
ing an output pulse for the rotary axis. 

20 

2. A cylindrical interpolation system according to 
claim 1, wherein said correction component 
calculating means comprises block-start cor- 
rection component calculating means for ob- 

25 taining a correction component between the 

tool contact vectors of successive blocks, and 
synchronous correction component calculating 
means for calculating a correction component 
for each interpolation. 

30 

3. A cylindrical interpolation system according to 
claim 1, wherein said correction component 
interpolating means comprises block-start cor- 
rection component interpolating means for in- 

35 terpolating a block-start correction component 

before an interpolation by the interpolating 
means, and synchronous correction compo- 
nent interpolating means for interpolating a 
synchronous correction component synchro- 

40 nously with each interpolation by the interpolat- 

ing means. 

4. A cylindrical interpolation system according to 
claim 1, wherein said cylindrical axis com- 

45 prises a Z axis, the rotary axis comprises a C 

axis, and the axis perpendicular to the cylin- 
drical axis comprises a Y axis. 

5. A cylindrical interpolation system according to 
so claim 1 , wherein an axis rotation command in a 

machining program is dictated in terms of an- 
gles of rotation,- and the system further com- 
prises coordinate conversion means for con- 
verting the axis rotation command into a linear 
55 command value related to the assumed linear 

axis on the cylindrical surface. 



BNSCXXID: <EP 0484539Al_l_> 



1 

■r • 

« • 

■ • 

11 EP 0 484 539 A1 12 

6. A cylindrical interpolation system according to 
claim 1, wherein an axis rotation command in a 
machining program is dictated as an amount of 
movement along the assumed linear axis. 

5 
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